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Objectives: to describe early and mid-term results with a percutaneous therapeutic protocol including thromboaspiration,
thrombolysis, and correction of the underlying lesion by PTA.
Methods: thirty-three consecutive selected patients with recent (<1 month) reversible acute ischaemia associated with
popliteal and/or tibial occlusion were studied. The primary endpoints were technical success (defined as residual mural
thrombus less than 20% of the lumen and the presence of at least one tibial artery on angiogram), patient survival and
limb salvage at 1 and 12 months. Secondary endpoints included complications, primary, assisted primary and secondary
patency determined by duplex scan at 1, 6 and 12 months.
Results: technical success was achieved in 27 patients (82%). Twenty patients were treated by thrombo-
aspiration±thrombolysis only, and seven required additional PTA (26%). In six patients (18%), percutaneous techniques
failed, and embolectomy was performed in two, bypass in one and major amputations in three (9%). For the entire series,
the survival rate was 100% at 1 month and 94% at 1 year. The limb salvage rate was 91% at 1 month and 1 year. The
cumulative primary patency, assisted primary patency and secondary patency rates were 81%, 81% and 86% respectively
at 1 month and 66%, 72% and 77%, respectively, at 12 months. Early complications occurred in 10 patients (30%): five
groin haematomas (15%), four compartment syndromes (12%) and one haemoglobinuria (3%).
Conclusion: percutaneous techniques offer excellent early and mid-term results in selected patients presenting with acute
ischaemia with popliteal and/or tibial arteries occlusion.
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Introduction ischaemia (less than 14 days), initial thrombolysis res-
ulted in fewer amputations (11%) than primary surgery
Twenty-five per cent of acute occlusions of native (30%). However, this treatment required 1–48 h of
vessels are located on the popliteal and/or tibial ar- thrombolytic infusion and may delay alternative treat-
teries.1 Classic treatment includes heparinisation with ment in case of failure.
delayed surgery for grade I ischaemia and prompt Thromboaspiration has been proposed for the treat-
revascularisation, either by Fogarty balloon catheter ment of occlusions distal to the common femoral artery
or bypasses, for grade II ischaemia. Depending upon with a recanalisation rate greater than 90%.7 However,
the causes of the ischaemia, results with these tech- thromboaspiration alone is effective only for fresh clot
niques remain poor, with an amputation rate ranging limited to a short arterial segment and needs to be
from 11% to 37% for popliteal artery emboli,2–5 and supplemented with fragmentation of the clot by PTA
40% in cases of thrombosis.4 Results with tibial arteries or thrombolytic therapy in more than two-thirds of
occlusion are worse with a 60% amputation rate.3 the cases. As a result, thromboaspiration may reduce
Intra-arterial thrombolysis alone has been proposed the total time necessary to reopen the artery as it
as an alternative therapy for patients presenting with actively reduces the intraluminal thrombus load.
acute popliteal or tibial occlusion. The STILE study6 We believe that the combination of thrombo-
has shown that in patients with a recent lower-limb aspiration, thrombolysis and PTA can be a valuable
option for patients suffering from popliteal artery and/
or tibial arteries acute occlusion. This report represents
∗ Please address all correspondence to: P. Desgranges, Service de the results achieved on 33 consecutive patients sub-Chirurgie Vasculaire, Hoˆpital Henri Mondor, 51 avenue du Mal de
Lattre de Tassigny, 94000 Cre´teil, France. mitted prospectively to a percutaneous therapeutic
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Table 1. Clinical classification of ischaemia. Table 2. Aetiologies of occlusions.
Aetiologies Patients (%)Classification Patients (%)
I-viable 6 (18) Emboli 23 (70)
Atrial fibrillation 8II-threatened
Other cardiogenic 1IIa 18 (55)
Abdominal aneurysm 4IIb 9 (27)
Iatrogenic (after PTA) 4III-irreversible 0 (0)
Proximal atherosclerotic plaque 3
Total 33 (100) Unknown 3
Thrombosis 10 (30)
Total 33 (100)
protocol including thromboaspiration, thrombolysis,
and correction of the underlying lesion by PTA. Table 3. Location of thrombosis/emboli.
Location of occlusion Thrombosis Emboli
Popliteal vessel only 3 7Patients and Methods
Peroneal/tibial vessel only 2 6
Both 5 10Patients
Total 10 23
Between December 1994 and December 1997, all
patients admitted to our institution with acute pop- classified retrospectively as emboli of unknown origin.
liteal and/or tibial artery occlusion were submitted to The sources of emboli are listed in Table 2. Table 3
a specific protocol. A total of 33 patients, 20 males and shows a stratification of the patient based on location
13 females with a mean age of 66 (range 46–95) years of thrombosis/emboli. The pre-existing lesions that
presented with a less-than-1-month history of lower- acutely occluded were four popliteal artery stenoses,
limb ischaemia. Patients with popliteal aneurysms as two single peroneal artery stenoses and tandem lesions
confirmed by duplex scan were excluded from the of both popliteal and tibial arteries in four cases.
study as well as patients with renal insufficiency Hypertension was present in 14 patients (46%), angina
(serum creatinine >300 mol/l) in whom angiography or previous myocardial infarction in eight (24%), and
was contraindicated. The majority of these patients diabetes in seven patients (19%). Two patients had a
were treated concomitantly by the first two authors (a history of stroke (5%) and two had a malignancy (5%).
vascular surgeon and an interventional radiologist).
Table 1 shows the distribution of the patients according
to the SVS classification of acute limb ischaemia.8
Duration of ischaemia was less than 6 h in five limbs Thromboaspiration
(mean 2.4 h), between 6 h and 24 h in three limbs
(mean: 11.5 h), between 24 h and 15 days in 21 limbs Diagnostic arteriography was performed initially by
an antegrade femoral puncture with an 18-gauge(mean: 7.4 days) and between 16 and 30 days in four
limbs (mean: 22 days). Angiography showed occlusion needle and then a 5F introducer. Under fluoroscopic
control, a hydrophilic guidewire (0.035-inch diameter,of the popliteal artery and/or tibial arteries in 15 cases
(group ‘‘poor run-off’’, 45%), segmental occlusion of Terumo, Japan) was advanced into the thrombus.
When the thrombus could be crossed, the 5F introducerpopliteal artery and/or one to three patent tibial ar-
teries in 18 cases (group ‘‘good run-off’’, 55%). Oc- was exchanged with an 8F sheath with a removable
haemostatic valve (Cordis, France). An 8F aspirationclusion was due to embolus in 23 cases (65%) and
thrombosis in 10 cases (35%). Among 30 cases, it was catheter (Angiomed, France) was used at the popliteal
level and 6F or 5F aspiration catheter was used forpossible to identify the aetiology, either embolic or
thrombotic, by clinical examination during the initial the tibioperoneal vessels. The radio-opaque tip of the
catheter was placed just above the proximal end ofpresentation and on angiogram (radiological findings
in support of emboli: minimal atherosclerosis, sharp the occlusion. Strong suction was applied by means
of a 50-cc syringe. The smaller clots were aspiratedcut-off and few collaterals; and in support of throm-
bosis: diffuse atherosclerosis, tapered, irregular cut- through the catheter into the syringe. When the with-
drawal of catheter retrieved larger clots trapped byoff and well-developed collaterals). We remain unclear
about the aetiology in three cases (9%); as these three suction, the removal of the thrombus from the sheath
was made possible by disconnecting the haemostaticocclusions were easily thromboaspirated, they were
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valve. The debris was expelled from the syringe over emboli, vein patch angioplasty for long stenoses or
bypass for long occlusions. All patients also receivedgauze. Thromboaspiration was repeated until no fur-
ther significant thrombus could be retrieved. 250 mg aspirin per day.
Postoperative follow-upThrombolysis
All patients were followed up by clinical examinationIn case of failure or incomplete results of the thrombo-
and duplex scan at 1, 3, 6 and 12 months. Newaspiration, thrombolysis was initiated in the absence
angiograms were obtained in case of new symptomsof contraindications including cerebrovascular event
and duplex scan abnormalities.(<2 months), active bleeding diathesis, recent gastro-
intestinal bleeding (<10 days), neurosurgery within
the last 3 months and intracranial trauma within the
last 3 months.9 A 5F multiperforated polyethylene Endpoints
catheter (Mallinckrot) was advanced through the
thrombus with the tip positioned in the middle. Uro- Technical success was defined as a residual mural
kinase (Actosolv°, Hoechts, France) (UK) was injected thrombus occupying less than 20% of the lumen and
intra-arterially at an initial dose of 4000 IU/kg/hour the presence of at least one tibial artery. Other primary
for 4 h, then the infusion was decreased to 1000 IU/ endpoints were patient survival and limb salvage at
kg/hour for 24–48 h. The technique of pulse-spray 1, 6 and 12 months. Secondary endpoints included
pharmacomechanical thrombolysis was used for the primary, assisted primary, and secondary patency of
last three patients. Small pulses of 0.2 ml of 25 000 IU/ the recanalysed arteries at 1, 6 and 12 months. Other
ml UK were sprayed by a pump at 30-second intervals outcome measures included major complications
for the first 15–20 min and then every minute. For the (haemorrhage that necessitated transfusion or oper-
pulse-spray technique we used a multiple side-holes ative intervention, fasciotomy, false aneurysm, or other
infusion catheter (Angiodynamics, Glenfalls, U.S.A.) major events).
while maintaining the end-hole occluded by a tip-
occluding guidewire.
Repeat angiograms were performed 4 h after the
Resultsinitiation of thrombolysis, then every 12 h. When prox-
imal lysis was obtained the catheter was advanced
In 3 years, a total of 178 cases of acute lower limbinto the remaining clot. Lytic therapy was discontinued
ischaemia have been treated in our unit. Forty casesafter 4 h if complete lysis was obtained. Thrombolysis
(22.5%) were due to acute occlusion of popliteal and/was also discontinued if haemorrhagic complications
or tibial arteries. Thirty-three patients (82.5%) wereoccurred, the fibrinogen level was below 1 g/l and if
submitted to our protocol. Seven patients (17.5%) wereno lysis was observed after 24 h or on two angiograms
excluded because of thrombosed popliteal aneurysm12 h apart. Intra-arterial heparin was infused con-
(n=3), contraindication to fibrinolysis (n=1), renalcomitantly through the introducer at the dose of 20 000
insufficiency (serum creatinine >300 mm) (n=3).IU per 24 h. At 4 h and 12 h after the start of the
Technical success, defined as successful thrombo-treatment, haematocrit, activated thromboplastin time
aspiration and thrombolysis, was achieved in 27 outand fibrinogen level were measured.
of 33 cases (82%). Seven of them were subsequently
submitted to PTA (26%) for stenoses of the popliteal
artery (n=3), peroneal artery (n=2), both popliteal
and tibial vessels (n=2). Thromboaspiration alone wasAdjunct procedures
sufficient in 15 patients (46%) (Fig. 1). In 18 cases,
thromboaspiration was followed by thrombolysis andIn cases where completion angiogram showed normal
arteries with no underlying residual stenosis, long- both were successful in 12 cases (36%) (Fig. 2). In six
patients (18%), the protocol failed and necessitatedterm anticoagulation was initiated. If the completion
angiogram showed a residual arterial stenosis, PTA surgical conversion. One distal bypass was performed
for extensive lesions of both popliteal and tibial vesselwas performed. In case of failure, a surgical alternative
was chosen according to the aetiology of the occlusion. and was successful. A total of three Fogarty em-
bolectomies were performed: two were successful andThis comprised a Fogarty catheter embolectomy for
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Fig. 1. (A) Angiogram showing tibial arteries occlusion. (B, C) Result after thromboaspiration: recanalisation of the peroneal artery.
one failed secondary to an extensive dissection as- All failures occurred when the duration of ischaemia
was greater than 24 h. The success rate was not de-sociated with either the thromboaspiration catheter or
the embolectomy. This patient subsequently under- pendent on the severity of ischaemia between stage I
(100%) and II (78%). No significant differences werewent an above-knee amputation. In addition, two
popliteal thrombectomies with vein-patch angioplasty observed between IIa (83%) and IIb (67%). The length
of the occluded segment of cases that failed waswere performed. They both failed, one in a patient
with heparin-induced thrombocytopenia (HIT), the 32.3±6.3 cm compared to 17.8±9.8 cm for cases that
succeeded (p<0.05). The average length of occlusionother in a high-risk patient with severe cardiac disease
and an extremely poor outflow that was not by- of cases where thromboaspiration succeeded was
12.8±5 cm.passable. For the patient with HIT, a bypass to a
distal peroneal artery was attempted using danaparoid The mean duration of thrombolytic infusion was
29.7±18.7 h and the mean dose of UK was 3.2±1.1sodium (Orgaran) for anticoagulation which failed.
These two patients subsequently underwent an above- million units. Mean duration of pulse-spray phar-
macomechanical thrombolysis used in the last andand a below-knee amputation respectively.
Predictors of success were analysed and are pre- successful three cases of stage IIb ischaemia was 6.7 h
(range 2–14) with a mean dose of 2.1 million units.sented in Table 4. This protocol was successful in 21
out of the 23 cases of embolisation (91%) and in six Complications occurred in nine patients (27%): four
groin haematoma (12%) that required only transfusion,out of 10 cases (60%) of thrombosis (p<0.05). Five out
of six failures occurred in limbs without run-off. The four compartment syndromes (12%) that required
fasciotomy with one nervous ischaemic sequela, onesuccess rate was dependent on the interval periods
between the occlusion and therapeutic management. haemoglobinuria (3%). The length of follow-up aver-
Fig. 2. (overleaf) (A) Angiogram showing a popliteal occlusion. (B) Thromboaspiration catheter in the proximal popliteal artery. (C)
Thromboaspiration catheter selectively introduced into the anterior tibial artery. (D) Result after thromboaspiration: recanalisation of the
first two-thirds of popliteal artery, appearance of tibial arteries, permanence of the occlusion of the distal part of the popliteal artery. (E)
Result after thrombolysis: restitution ad integrum of popliteal and tibial arteries.
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Table 4. Predictors of protocol success.
Protocol success Protocol failure p
n % n %
Emboli 21 91 2 9 0.05
Thrombosis 6 60 4 40
Good run-off 17 94 1 6 0.05
No run-off 10 67 5 33
>24 h 25 100 0 0 0.01
<24 h 2 25 6 75
I 6 100 0 0 NS
II 21 78 6 22
IIa 15 83 3 17 NS
IIb 6 67 3 33
Occlusion length 17.8±9.8 cm 32.3±6.3 cm 0.05
aged 15.3±8 months. The Kaplan–Meier calculation necessitates general anaesthesia and therefore converts
of the survival rate was 100% at 1 month and 94% at a straightforward intervention into a more bur-
1 year. The cumulative limb salvage rate was 91% at densome operation. In cases of atheromatous occlusive
1 month and 1 year. arterial disease, thromboembolectomy presents the po-
The cumulative primary patency, assisted primary tential dangers of overdistension and perforation of
patency and secondary patency rates were 81%, 81% tibial arteries, pseudoaneurysm, creation of arterio-
and 86% respectively at 1 month and 66%, 72% and venous fistula, haemorrhage, and possibly intimal hy-
77% respectively at 12 months. Four patients were perplasia in the long term. In addition, the underlying
readmitted for reoperation (stage II of Fontaine clas- disease needs to be corrected by local endarterectomy
sification). Two patients were treated by PTA alone, with vein-patch angioplasty or a bypass procedure.
one by PTA plus stent, one by lumbar sympathectomy Some authors have advocated the use of intraoperative
at 6 months’ follow-up due to a complete occlusion thrombolysis to clear the residual thrombus after em-
of the popliteal artery and the outflow with symptoms bolectomy without an increase in bleeding com-
of claudication. One hundred per cent of the patients plications.12 However, others have reported an increase
were spared with conventional surgical revascularisa- in bleeding complications.13
tion at 12 months follow-up after the first 30 days after Treatment of acute lower-extremities ischaemia is
presentation. currently undergoing conceptual changes that are
mainly brought on by endovascular techniques such
as thrombolysis or thromboaspiration, and if necessary
complemented by additional PTA. Our protocol hasDiscussion
shown effectiveness in 82% of the acute popliteal and/
or tibial arteries occlusions. Technical success of thisResults of conventional surgery for the treatment of
protocol was achieved in 90% of the occlusions of em-acute popliteal and tibial artery occlusion remain poor.
bolic origin. In contrast, the most difficult lesions toThromboembolectomy with the Fogarty catheter is
recanalise were the thromboses with a success rate ofcurrently used to remove an occluding arterial throm-
only 60% (p<0.05). In this present series, conventionalbus located in femoral or proximal popliteal arteries.
surgery was successfully performed in three patientsHowever, with thrombus located in the distal popliteal
(9%): one after an occlusion of embolic origin and twoartery and the trifurcation, this procedure may fail.
of thrombotic origin. Two of the three limb amputationsPlecha et al.10 documented incomplete extraction of
were not directly surgery-related: one occurred after aclot in 40% of the cases on completion angiogram. In
HIT, and the other was due to the absence of outflowa cadavar study, Short et al.11 proposed an anatomical
despite the previous thrombolysis. In the last case, fail-explanation for the failure of transfemoral distal em-
ure was related to an extensive dissection either due tobolectomy. They demonstrated that, because of the
the thromboaspiration or Fogarty catheter. Adjunctiveangulated origins of the tibial arteries, the catheter
PTA for the management of underlying stenoses wasentered the peroneal branch 89% of the time. In such
cases, trifurcation exposure is needed, which performed in 26% of cases. This rate is significantly
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lower to those presented in the literature and is ex- with short occlusions (mean length of 12.8 cm). Adding
thrombolysis allowed us to reopen occluded arteriesplained by the high percentage of occlusions of embolic
with a mean length of 17.8 cm. However, extensiveorigin. Thromboaspiration alone was successful in only
occlusions involving both the popliteal and the tibial45% of the cases, which is also much lower than the
arteries with a mean length greater than 30 cm wererates reported by previous studies, but avoided long
mostly associated with failure (67%).thrombolysis procedures and shortened the time of re-
In conclusion, we recommend that a protocol con-canalisation. Interestingly, the selective recanalisation
sisting of thromboaspiration, thrombolysis, and PTAof tibial arteries by the use of precurved guidewires and
should be the initial intervention in selected patientscatheters was often possible where the Fogarty catheter
presenting with acute occlusions of popliteal and/orwas unable to advance due to its poor steerability. In
tibial arteries. However, an endovascular approachaddition, thromboaspiration was an effective treatment
may not be regarded as the sole method of treatmentfor distal emboli that may follow PTA as demonstrated
but as a tool which could reduce the magnitude ofin four patients.
surgery in order to save a limb.The present study shows that outflow was an im-
portant determinant of outcome. About five of six
failures were in patients with poor run-off. One would
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